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LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. 119(e) to
U.S. Provisional Patent Application 61/306,065, filed Feb.

19, 2010, which 1s incorporated by reference herein 1n 1ts
entirety.

FIELD

Embodiments of the present invention relate to methods
and apparatus usable, for example, 1n the manufacture of
devices by lithographic techniques.

BACKGROUND

A lithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which is alternatively referred
to as a “mask’ or a “reticle,” may be used to generate a circuit
pattern to be founed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g., including,
part of, one, or several dies) on a substrate (e.g., a silicon
wafler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called “steppers,”
in which each target portion 1s irradiated by exposing an
entire pattern onto the target portion at one time, and so-called
scanners, 1 which each target portion 1s rradiated by scan-
ning the pattern through a radiation beam 1n a given direction
(the “scanning’-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It 1s also
possible to transier the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

In order to monitor the lithographic process, parameters of
the patterned substrate are measured. Parameters may
include, for example, the overlay error between successive
layers formed in or on the patterned substrate and critical
linew1dths of developed photosensitive resist. This measure-
ment may be performed on a product substrate and/or on a
dedicated metrology target. There are various techniques for
making measurements of the microscopic structures formed
in lithographic processes, including the use of scanning elec-
tron microscopes and various specialized tools. A fast and
non-invasive foim of specialized mspection tool 1s a scatter-
ometer 1n which a beam of radiation 1s directed onto a target
on the surface of the substrate and properties of the scattered
or reflected beam are measured. By comparing the properties
of the beam before and after 1t has been reflected or scattered
by the substrate, the properties of the substrate can be deter-
mined. This can be done, for example, by comparing the
reflected beam with data stored 1n a library of known mea-
surements associated with known substrate properties. Two
main types ol scatterometers are known. Spectroscopic scat-
terometers direct a broadband radiation beam onto the sub-

strate and measure the spectrum (intensity as a function of

wavelength) of the radiation scattered into a particular narrow
angular range. Angularly-resolved scatterometers use a

monochromatic radiation beam and measure the intensity of

the scattered radiation as a function of angle.
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In order to better control scanner functionality, a module
has been recently devised which automatically drives the

system towards a pre-defined baseline approximately each
day. This scanner stability module retrieves standard mea-
surements taken from a monitor water using a metrology tool.
The monitor water had been previously exposed using a spe-
cial reticle containing special scatterometry marks. Using the
monitor waler and that day’s measurements (and possibly
historical measurement data from previous days), the scanner
stability module determines how far the system has drifted
from 1ts baseline, and then calculates water-level overlay and
focus correction sets. The baseline can be defined either
directly by the reference layer on the momtor water (in this
case, the scanner stability module will drive the system
towards minimal overlay on the baseline monitor waters) or
indirectly by a combination of the reference layer on the
walers and a target overlay fingerprint (in this case, the scan-
ner stability module will drive the system towards the defined
target overlay fingerprint on the monitor waters). The lithog-
raphy system then converts these correction sets into specific
corrections for each exposure on subsequent production
waflers.

Each scanner 1s controlled by the scanner stability module
using a control thread, the contents of which are dependent on
the alignment strategy used 1n exposing the waters. Where the
same alignment strategy 1s used in exposing the monitor
walers and production waiers, then the action of the scanner
stability module will mean that the alignment strategy impact
cancels out. However, should different alignment strategies
be required for different products on one scanner, then a
single control thread cannot normally be used to control that
scanner.

SUMMARY

It 1s desirable to provide a system whereby a single scanner
stability module thread per scanner can be run regardless of a
number of alignment strategies required for exposing produc-
tion waters.

According to an embodiment of the present invention,
there 1s provided a lithographic apparatus that includes the
following: an 1llumination system configured to condition a
radiation beam, a support configured to support a patterning
device, the patterning device being capable of imparting the
radiation beam with a pattern 1n 1ts cross-section to form a
patterned radiation beam, a substrate table configured to hold
a substrate, a projection system configured to project the
patterned radiation beam onto a target portion of the sub-
strate, alignment apparatus for properly aligning the substrate
according to an alignment strategy, prior to the projection of
the patterned radiation beam onto a target portion of the
substrate, and, a scanning control module operable to aid
control of at least one of the support, substrate table or pro-
jection system by periodically retrieving measurements
defining baseline control parameters from at least one refer-
ence substrate so as to determine parameter drift from the
baseline control parameters thereby enabling correction to be
made for the dnift, the reference substrate having been 1ni-
tially exposed so as to determine the baseline control param-
cters, the mitial exposure being performed using a first align-
ment strategy, the apparatus being further operable such that,
when exposing a production substrate using a second align-
ment strategy, different to the first alignment strategy, to
adjust the correction made for parameter drift so as to be
substantially closer to the correction that would have been
made had the second alignment strategy been used in expos-
ing the at least one reference substrate.
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According to a second embodiment of the present inven-
tion, there 1s provided a method of controlling scanning func-
tion of a lithographic apparatus including the following steps:
exposing at least one reference substrate so as to determine
baseline control parameters pertaining to the scanning func-
tion, the exposure being performed using a first alignment
strategy, periodically retrieving the baseline control param-
cters from the least one reference substrate, determining
parameter driit from the baseline control parameters and tak-
ing corrective action based on the determination, exposing a
production substrate using a second alignment strategy, dii-
terent to the first alignment strategy, and, modifying the cor-
rective action so as to be substantially closer to the correction
that would have been made had the second alignment strategy
been used 1n exposing the at least one reference substrate.

Further features and advantages of embodiment of the
present mvention, as well as the structure and operation of
various embodiments of the invention, are described 1n detail
below with reference to the accompanying drawings. It 1s
noted that the invention 1s not limited to the specific embodi-
ments described herein. Such embodiments are presented
herein for illustrative purposes only. Additional embodiments
will be apparent to persons skilled 1n the relevant art(s) based
on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate embodi-
ments of the present invention and, together with the descrip-
tion, further serve to explain the principles of embodiments of
the invention and to enable a person skilled in the relevant
art(s) to make and use embodiments of the present invention.

FIG. 1 depicts an example lithographic apparatus, which
may be used with embodiments of the present invention.

FIG. 2 depicts an example lithographic cell or cluster,
which may be used with embodiments of the present inven-
tion.

FIG. 3 depicts a first example of a scatterometer, which
may be used with embodiments of the present invention.

FI1G. 4 depicts a second example of a scatterometer, which
may be used with embodiments of the present invention.

FIG. 35 illustrates an embodiment of control loops 1n a
lithographic process utilizing a scanner stability module.

FIG. 6 1s a schematic diagram showing components of a
lithographic apparatus having separate measurement and
exposure stages, usable 1n an embodiment of the invention.

FI1G. 7 illustrates schematically the stages in the measure-
ment and exposure processes in the apparatus of FIG. 6,
according to known practice.

The features and advantages of embodiments of the present
invention will become more apparent from the detailed
description set forth below when taken 1n conjunction with
the drawings, 1n which like reference characters 1dentily cor-
responding elements throughout. In the drawings, like refer-
ence numbers generally indicate 1dentical, functionally simi-
lar, and/or structurally similar elements. The drawing in
which an element first appears 1s indicated by the leftmost
digit(s) in the corresponding reference number.

DETAILED DESCRIPTION

This specification discloses one or more embodiments that
incorporate the features of this mmvention. The disclosed
embodiment(s) merely exemplily the invention. The scope of
the invention 1s not limited to the disclosed embodiment(s).
The mvention 1s defined by the claims appended hereto.
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4
The embodiment(s) described, and references in the speci-
fication to “one embodiment”, “an embodiment”, “an

example embodiment”™, etc., indicate that the embodiment(s)
described may include a particular feature, structure, or char-
acteristic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or
characteristic 1s described 1n connection with an embodi-
ment, 1t 1s understood that 1t 1s within the knowledge of one
skilled 1n the relevant art to effect such feature, structure, or
characteristic 1n connection with other embodiments whether
or not explicitly described.

Embodiments of the invention may be implemented 1n
hardware, firmware, software, or any combination thereof.
Embodiments of the invention may also be implemented as
instructions stored on a machine-readable medium, which
may be read and executed by one or more processors. A
machine-readable medium may include any mechanism for
storing or transmitting information 1n a form readable by a
machine (e.g., a computing device). For example, a machine-
readable medium may include the following: read only
memory (ROM); random access memory (RAM); magnetic
disk storage media; optical storage media; flash memory
devices; and, electrical, optical, acoustical signals, and oth-
ers. Further, firmware, software, routines, instructions may be
described herein as performing certain actions. However, 1t
should be appreciated that such descriptions are merely for
convenience and that such actions 1n fact result from comput-
ing devices, processors, controllers, or other devices execut-
ing the firmware, soitware, routines, istructions, efc.

Betore describing such embodiments 1n more detail, how-
ever, 1t 1s 1nstructive to present an example environment 1n
which embodiments of the present invention may be imple-
mented.

FIG. 1 schematically depicts an example lithographic
apparatus, which may be used with embodiments of the
present mvention. The apparatus includes the following an
illumination system (1lluminator) IL configured to condition
a radiation beam. B (e.g., UV radiation or DUV radiation),
support structure (e.g., a mask table) MT configured to sup-
port a patterning device (e.g., amask) M A and connected to a
first positioner PM configured to accurately position the pat-
terning device 1n accordance with certain parameters, a sub-
strate table (e.g., a waler table) WT configured to hold a
substrate (e.g., a resist coated water) W and connected to a
second positioner PW configured to accurately position the
substrate 1 accordance with certain parameters, and a pro-
jection system (e.g., a refractive projection lens system) PL
configured to project a pattern imparted to the radiation beam
B by patterning device MA onto a target portion C (e.g.,
including one or more dies) of the substrate W.

The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereot, for directing, shaping, or
controlling radiation.

The support structure supports (1.¢., bears the weight of the
patterning device). It holds the patterning device 1n a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device 1s
held 1n a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping tech-
niques to hold the patterning device. The support structure
may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that
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the patterning device 1s at a desired position, for example with
respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous
with the more general term “patterning device.”

The term “patterning device” used herein should be
broadly interpreted as referring to any device that can be used
to 1mpart a radiation beam with a pattern in 1ts cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern in the
target portion of the substrate such as, for example, 11 the
pattern includes phase-shifting features or so called assist
features. Generally, the pattern imparted to the radiation
beam will correspond to a particular functional layer 1n a
device being created in the target portion, such as, for
example, an integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shiit, and attenuated phase-shiit, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
minors, each of which can be individually tilted so as to retlect
an mcoming radiation beam in different directions. The tilted
mirrors 1mpart a pattern in a radiation beam, which 1s
reflected by the mirror matrix.

The term “projection system”™ used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereol, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As depicted herein, the apparatus 1s of a transmissive type
(c.g., employing a transmissive mask). Alternatively, the
apparatus may be of a reflective type (e.g., employing a pro-
grammable mirror array of a type as referred to above, or
employing a retlective mask).

The hithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

The lithographic apparatus may also be of a type where at
least a portion of the substrate may be covered by a liquid
having a relatively huigh refractive index, e.g., water, so as to
{11l a space between the projection system and the substrate.
An immersion liquid may also be applied to other spaces in
the lithographic apparatus such as, for example, between the
mask and the projection system. Immersion techmques are
well known 1n the art for increasing the numerical aperture of
projection systems. The term “immersion™ as used herein
does not mean that a structure, such as a substrate, must be
submerged 1n liquid, but rather means that liqguid 1s located
between the projection system and the substrate during expo-
sure.

Referring to FI1G. 1, the 1lluminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities such as, for
example, when the source 1s an excimer laser. In such cases,
the source 1s not considered to form part of the lithographic
apparatus and the radiation beam is passed from the source
SO to the illuminator IL. with the aid of a beam delivery
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system BD include, for example, suitable directing mirrors
and/or a beam expander. In other cases the source may be an
integral part of the lithographic apparatus such as, for
example, when the source 1s a mercury lamp. The source SO
and the illuminator IL, together with the beam delivery sys-
tem BD (if required) may be referred to as a radiation system.

The i1lluminator IL may include an adjuster AD for adjust-
ing the angular intensity distribution of the radiation beam.
Generally, at least the outer and/or inner radial extent (com-
monly referred to as o-outer and o-nner, respectively) of the
intensity distribution in a pupil plane of the 1lluminator can be
adjusted. In addition, the illuminator IL may include various
other components such as, for example, an integrator IN and
a condenser CO. The 1lluminator may be used to condition the
radiation beam 1n order to have a desired uniformity and
intensity distribution 1n 1ts cross section.

The radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the support structure (e.g.,
mask table MT), and 1s patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes
through the projection system PL, which focuses the beam
onto a target portion C of the substrate W. With the aid of the
second positioner PW and position sensor IF (e.g., an inter-
terometric device, linear encoder, 2-D encoder or capacitive
sensor ), the substrate table W1 can be moved accurately (e.g.,
sO as to position different target portions C 1n the path of the
radiation beam B). Similarly, the first positioner PM and
another position sensor (which 1s not explicitly depicted 1n
FIG. 1) can be used to accurately position the mask MA with
respect to the path of the radiation beam B (e.g., after
mechanical retrieval from a mask library or during a scan) In
general, movement of the mask table MT may be realized
with the aid of a long-stroke module (coarse positioning) and
a short-stroke module (fine positioning), which form part of
the first positioner PM. Similarly, movement of the substrate
table W' may be realized using a long-stroke module and a
short-stroke module, which form part of the second positioner
PW. Inthe case of a stepper (as opposed to a scanner) the mask
table M T may be connected to a short-stroke actuator or may
be fixed. Mask MA and substrate W may be aligned using
mask alignment marks M1, M2 and substrate alignment
marks P1, P2. Although the substrate alignment marks as
illustrated occupy dedicated target portions, they may be
located 1n spaces between target portions (these are known as
scribe-lane alignment marks). Similarly, in situations in
which more than one die 1s provided on the mask MA, the
mask alignment marks may be located between the dies.

The depicted apparatus can be used 1n at least one of the
following modes:

1. In a step mode, the mask table MT and the substrate table
WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam 1s projected onto a target
portion C at one time (i1.e., a single static exposure). The
substrate table WT 1s then shifted 1n the X and/orY direction
so that a different target portion C can be exposed. In the step
mode, the maximum size of the exposure field limaits the size
of the target portion C 1maged 1n a single static exposure.

2. In a scan mode, the mask table MT and the substrate
table WT are scanned synchronously while a pattern imparted
to the radiation beam 1s projected onto a target portion C (1.¢.,
a single dynamic exposure). The velocity and direction of the
substrate table WT relative to the mask table MT may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PL. In the scan mode,
the maximum size of the exposure field limits the width (in
the non-scanning direction) of the target portion 1n a single
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dynamic exposure, whereas the length of the scanning motion
determines the height (1n the scanning direction) of the target
portion.

3. In another mode, the mask table MT 1s kept essentially
stationary holding a programmable patterning device, and the
substrate table WT 1s moved or scanned while a pattern
imparted to the radiation beam 1s projected onto a target
portion C. In this other mode, generally a pulsed radiation
source 1s employed and the programmable patterning device
1s updated as required after each movement of the substrate
table W'T or 1n between successive radiation pulses during a
scan. This mode of operation can be readily applied to mask-
less lithography that utilizes programmable patterming device
such as, for example, a programmable mirror array of a type
as referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

As shown 1n FIG. 2, the lithographic apparatus LA, which
may be used with embodiments of the present mvention,
torms part of a lithographic cell LC, also sometimes referred
to a lithocell or cluster, which also includes an apparatus to
perform pre- and post-exposure processes on a substrate.
Conventionally, these include spin coaters SC to deposit resist
layers, developers DE to develop exposed resist, chill plates
CH and bake plates BK. A substrate handler, or robot RO,
picks up substrates from input/output ports I/O1, I/O2, moves
them between the different process apparatus and delivers
them to the loading bay LB of the lithographic apparatus.
These devices, which are often collectively referred to as the
track, are under the control of a track control unit TCU which
1s 1tself controlled by the supervisory control system SCS,
which also controls the lithographic apparatus via lithogra-
phy control umit LACU. Thus, the different apparatus can be
operated to maximize throughput and processing efliciency.

In order to ensure that the substrates that are exposed by the
lithographic apparatus are exposed correctly and consis-
tently, 1t 1s desirable to 1nspect exposed substrates to measure
properties such as overlay errors between subsequent layers,
line thicknesses, critical dimensions (CD), etc. It errors are
detected, adjustments may be made to exposures of subse-
quent substrates, especially 1fthe inspection can be done soon
and fast enough that other substrates of the same batch are still
to be exposed. Also, already exposed substrates may be
stripped and reworked (to improve vield) or discarded,
thereby avoiding performing exposures on substrates that are
known to be faulty. In a case where only some target portions
ol a substrate are faulty, further exposures can be performed
only on those target portions which are considered good.

An 1mnspection apparatus 1s used to determine the properties
of the substrates, and 1n particular, how the properties of
different substrates or diflerent layers of the same substrate
vary from layer to layer. The mspection apparatus may be
integrated into the lithographic apparatus LA or the lithocell
L.C or may be a stand-alone device. To enable rapid measure-
ments, 1t 1s desirable that the imspection apparatus measure
properties 1n the exposed resist layer immediately after the
exposure. However, the latent image 1n the resist has a very
low contrast (there 1s only a very small difference in refractive
index between the parts of the resist which have been exposed
to radiation and those which have not) and not all inspection
apparatus have sullicient sensitivity to make useful measure-
ments of the latent image. Therefore, measurements may be
taken after the post-exposure bake step (PEB) which 1s cus-
tomarily the first step carried out on exposed substrates and
increases the contrast between exposed and unexposed parts
of the resist. At this stage, the 1image 1n the resist may be
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referred to as “semi-latent.” It 1s also possible to make mea-
surements of the developed resist image (at which point either
the exposed or unexposed parts of the resist have been
removed) or after a pattern transter step such as etching. The
latter possibility limits the possibilities for rework of faulty
substrates but may still provide usetful information.

FIG. 3 depicts an example scatterometer, which may be
used 1n embodiments of the present mvention. The scatter-
ometer includes a broadband (white light) radiation projector
2 which projects radiation onto a substrate W. The retlected
radiation 1s passed to a spectrometer detector 4, which mea-
sures a spectrum 10 (intensity as a function of wavelength) of
the specular reflected radiation. From this data, the structure
or profile giving rise to the detected spectrum may be recon-
figured by processing unit PU (e.g., by Rigorous Coupled
Wave Analysis and non-linear regression or by comparison
with a library of simulated spectra as shown at the bottom of
FIG. 3). In general, for the reconstruction the general form of
the structure 1s known and some parameters are assumed from
knowledge of the process by which the structure was made,
leaving only a few parameters of the structure to be deter-
mined from the scatterometry data. Such a scatterometer may
be configured as a normal-incidence scatterometer or an
oblique-incidence scatterometer.

Another scatterometer that may be used with embodiments
of the present invention 1s shown 1in FIG. 4. In this device, the
radiation emitted by radiation source 2 1s collimated using
lens system 12 and transmitted through interference filter 13
and polarnizer 17, reflected by partially reflected surface 16
and 1s focused onto substrate W via a microscope objective
lens 15, which has a high numerical aperture (NA), preferably
at least 0.9 and more preferably at least 0.95. Immersion
scatterometers may even have lenses with numerical aper-
tures over 1. The retlected radiation then transmaits through
partially reflecting surface 16 into a detector 18 1n order to
have the scatter spectrum detected. The detector may be
located 1n the back-projected pupil plane 11, which 1s at the
tocal length of the lens system 13; however, the pupil plane
may instead be re-imaged with auxiliary optics (not shown)
onto the detector. The pupil plane 1s the plane 1n which the
radial position of radiation defines the angle of incidence and
the angular position defines azimuth angle of the radiation.
The detector 1s preferably a two-dimensional detector so that
a two-dimensional angular scatter spectrum of a substrate
target 30 can be measured. The detector 18 may be, for
example, an array of CCD or CMOS sensors, and may use an
integration time of, for example, 40 milliseconds per frame.

A reference beam 1s often used for example to measure the
intensity of the mncident radiation. To do this, when the radia-
tion beam 1s incident on the beam splitter 16 part of 1t 1s
transmitted through the beam splitter as a reference beam
towards a reference minor 14. The reference beam 1s then
projected onto a different part of the same detector 18 or
alternatively onto a different detector (not shown).

A set of interference filters 13 1s available to select a wave-
length of interest 1n the range of, for example, 405-790 nm or
even lower, such as 200-300 nm. The interference filter may
be tunable rather than include a set of different filters. A
grating could be used instead of interference filters.

The detector 18 may measure the intensity of scattered
light at a single wavelength (or narrow wavelength range), the
intensity separately at multiple wavelengths, or integrated
over a wavelength range. Furthermore, the detector may sepa-
rately measure the intensity of transverse magnetic- and
transverse electric-polarized light and/or the phase difference
between the transverse magnetic- and transverse electric-
polarized light.
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Using a broadband light source (1.e., one with a wide range
of light frequencies or wavelengths) 1s possible, which gives
a large etendue, allowing the mixing of multiple wavelengths.
The plurality of wavelengths in the broadband preferably
cach has a bandwidth of AA and a spacing of at least 2-AA (i.e.,
twice the bandwidth). Several “sources” of radiation can be
different portions of an extended radiation source which have
been split using fiber bundles. In this way, angle-resolved
scatter spectra can be measured at multiple wavelengths 1n
parallel. A 3-D spectrum (wavelength and two different
angles) can be measured, which contains more information
than a 2-D spectrum. This allows more information to be

measured which increases metrology process robustness.
This 1s described in more detail in EP1,628,164 A, which 1s

incorporated by reference herein 1n 1ts entirety.

The target 30 on substrate W may be a 1-D grating, which
1s printed such that after development, the bars are formed of
solid resist lines. The target 30 may be a 2-D grating, which 1s
printed such that after development, the grating 1s formed of
solid resist pillars or vias 1n the resist. The bars, pillars or vias
may alternatively be etched into the substrate. This pattern 1s
sensitive to chromatic aberrations 1n the lithographic projec-
tion apparatus, particularly the projection system PL, and
illumination symmetry and the presence of such aberrations
will manifest themselves 1n a variation 1n the printed grating.
Accordingly, the scatterometry data of the printed gratings 1s
used to reconstruct the gratings. The parameters of the 1-D
grating, such as line widths and shapes, or parameters of the
2-D grating, such as pillar or via widths or lengths or shapes,
may be input to the reconstruction process, performed by
processing unit PU, from knowledge of the printing step
and/or other scatterometry processes.

A key component of accurate lithography 1s an increased
ability to control lithography scanners and scanming function-
ality (when referring to “scanners” it should be appreciated
that this encompasses all the scan modes and functionality
described herein and other scanning functionalities).
Improvements to the scanner’s focus and overlay (layer-to-
layer alignment) uniformity have recently been achieved by
the Baseliner™ scanner stability module, leading to an opti-
mized process window for a given feature size and chip appli-
cation, enabling the continuation the creation of smaller,
more advanced chips.

When a lithography system 1s first installed, it must be
calibrated to ensure optimal operation. However, over time,
system performance parameters will drift. A small amount of
driit can be tolerated, but with too much drift and the system
will not likely meet specification. Consequently, manufactur-
ers are required to stop production periodically for re-calibra-
tion. Calibrating the system more frequently gives a bigger
process window, but consequently, at the cost of more sched-
uled downtime.

Among other benefits, the scanner stability module greatly
reduces these production stoppages. In an embodiment, the
scanner stability module automatically drives the system
towards a pre-defined baseline on a regular basis (typically
every few days). To do this, 1t retrieves standard measure-
ments taken from one or more monitor waters using a metrol-
ogy tool. The momtor water 1s exposed using a special reticle
contaiming special scatterometry marks. From that day’s
measurements, the scanner stability module determines how
tar the system has drifted from 1ts baseline. It then calculates
waler-level overlay and focus correction sets. The lithogra-
phy system then converts these correction sets 1nto specific
corrections for each exposure on subsequent production
walers.
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For volume production, 1t 1s desirable to have full flexibil-
ity when assigning layers for exposure to a scanner. The
alternative, layer-scanner dedication, would put monthly out-
put capacity at risk, since any small disturbance of the litho-
cluster would directly appear 1n the output of that month. One
known approach to overcome this risk i1s by so called (over-
lay) grid matching. All scanner grids are intentionally offset a
little, such that all scanners more or less have the same (aver-
age) grid for overlay. This grid 1s often referred to as “holy” or
‘golden’ grid. Each product layer can now be exposed on each
scanner of the same type. This ‘golden’ grnid 1s exposed and
ctched onto so called ‘reference waters’. If these ‘golden’
matching wafers are used as the baseline for overlay stability
control instead of random monitoring waters, overlay grid
matching and long-term stability can be achieved 1n a single
automated step.

FIG. 5 depicts an embodiment of the overall lithography
and metrology method incorporating the scanner stability
module 500 (essentially an application running on a server, in
this example). Shown are three main process control loops. In
an embodiment, the first loop provides the local scanner con-
trol using the scanner stability module 500 and monitor
walers. The monitor water 505 1s shown being passed from
the main lithography unit 510, having been exposed to set the
baseline parameters for focus and overlay. At a later time,
metrology unit 515 reads these baseline parameters, which
are then interpreted by the scanner stability module 500 so as
to calculate correction routines so as to provide scanner feed-
back 550, which 1s passed to the main lithography unit 510,
and used when performing further exposures.

In an embodiment, the second Advanced Process Control
(APC) loop 1s for local scanner control on-product (e.g.,
determining focus, dose, and overlay). The exposed product
waler 520 1s passed to metrology unit 515 where information
relating to, for example, the critical dimensions, sidewall
angles and overlay 1s determined and passed onto the
Advanced Process Control (APC) module 525. This data 1s
also passed to the scanner stability module 500. Process cor-
rections 540 are made before the Manufacturing Execution
System (MES) 535 takes over, providing scanner control to
the main lithography unit 510, 1n communication with the
scanner stability module 500.

In an embodiment, the third loop allows metrology inte-
gration into the second APC loop (e.g., for double patterning).
The post etched water 530 15 passed to metrology umt 515
which again passes information relating to, for example, the
critical dimensions, sidewall angles and overlay, read from
the waler, to the Advanced Process Control (APC) module.
The loop continues the same as with the second loop.

FIG. 6 shows schematically the arrangement of one
embodiment of the apparatus of FIG. 1, 1n which the appara-
tus has dual substrate supports and separate metrology and
exposure stations.

A base frame FB supports and surrounds the apparatus on
the ground. Within the apparatus, and serving as an accurate
positional reference, a metrology frame FM 1s supported on
air bearings 602, which 1solate 1t from vibrations 1n the envi-
ronment. Mounted on this frame are the projection system PS,
which naturally forms the core of the exposure station EXP,
and also instruments 604, 606, 608, which are the functional
clements of the metrology station MET. Above these stations,
the mask table MT and mask MA are mounted above the
projection system PS. The first positioner PM comprises
long-throw (coarse) actuators 610 and short-throw (fine)
actuators 612, 614, as described above. These operate by
active feedback control to obtain the desired position of mask
MA with respect to the projection system PS, and hence with
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respect to metrology frame FM. This measurement 1s indi-
cated schematically at 616. The whole positioning mecha-
nism for the mask MA 1s supported on the base frame at B via
active air bearings 618, etc. A balance mass 620 1s provided to
mimic at least coarse movements of the mask table MT and
positioning 1n order to reduce vibrations being transmitted
into the frame and other components. A low frequency servo
control keeps balance mass 620 in a desired average position.
Water table WT shown beneath the projection system simi-
larly has coarse actuators 622 and fine actuators 624, 626 for
positioning substrate W accurately with respect to the exat
lens of the projection system PS. Additionally, according to
the dual-stage arrangement of this example, a duplicate water
table WT' and positioning mechanism PW' are provided. As
illustrated, these duplicate elements are supporting a second
substrate W' at the metrology station MET. Waler tables W,
WT" and their respective positioners PW and PW' are carried
on and connected to a shared balance mass 628. Again, air
bearings, or other suitable bearings such as magnetic, elec-
trostatic and so forth, are shown schematically, for example at
630. Measurements of waler table position used for the coarse
and fine control of the positions of the walers W and W' are
made relative to elements 606 at the metrology station and PS
at the exposure station, both of these ultimately referring back
to metrology frame FM.

FIG. 7 1llustrates the steps in this twin-stage apparatus of
FIG. 6 to expose dies on a substrate W, according to an
embodiment of the present invention. On the left hand side
within a dotted box are steps performed at metrology station
MET, while the right hand side shows steps performed at the
exposure station EXP. A substrate W has already been loaded
into the exposure station. A new substrate W' 1s loaded to the
apparatus by a mechanism not shown at step 700. These two
substrates are processed 1n parallel in order to increase the
throughput of the metrology process as a whole. Referring,
initially to the newly-loaded substrate W', this may be a
previously unprocessed substrate, prepared with a new pho-
toresist for first time exposure 1n the apparatus. In general,
however, the lithography process described will be merely
one step 1n a serious of exposure and processing steps, so that
substrate W' has been through this apparatus and/or other
lithography, several times already, and may have subsequent
processes to undergo as well. At 702, alignment measure-
ments using the substrate marks P1 etc. and image sensors
IAS1 etc. are used to measure and record alignment of the
substrate relative to substrate table W, In practice, several
marks across the substrate W' will be measured, to establish
the “water grid,” which maps very accurately the distribution
of marks across the substrate, including any distortion relative
to a nominal regular grid. At step 704, a map of waiter height
against X-Y position 1s measured also, for use 1n accurate
tocusing of the exposed pattern.

When substrate W' 1s loaded, recipe data 706 1s recerved,
defining the exposures to be performed, and also properties of
the water and the patterns previously made and to be made
upon 1t. To these recipe data are added the measurements
made at 702, 704, so that a complete set of recipe and metrol-
ogy data 708 can be passed to the exposure stage. At 710,
walers W' and W are swapped, so that the measured substrate
W' becomes the substrate W entering the exposure apparatus.
This swapping 1s performed by exchanging the supports WT
and WT' within the apparatus, so that the substrates W, W'
remain accurately clamped and positioned on those supports,
to preserve relative alignment between the substrate tables
and substrates themselves. Accordingly, once the tables have
been swapped, determining the relative position between pro-
jection system PS and substrate table WT (formerly WT') 1s
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all that 1s necessary to make use of the measurement infor-
mation 702, 704 for the substrate W (formerly W') 1n control
of the exposure steps. At step 712, reticle alignment 1s per-
formed using the mask alignment marks M1, M2 (FIG. 3C).
In steps 714, 716, 718, scanning motions and radiation pulses
are applied at successive die locations across substrate W, 1n
order to complete the exposure of a number of patterns.
Thanks to the alignment and level map data, these patterns are
accurately aligned with respect to desired locations, and, 1n
particular, with respect to features previously laid down on
the same substrate. The exposed substrate, now labeled W, 1s
unloaded from the apparatus at step 720, to undergo etching
or other processes, 1n accordance with the exposed pattern.

By employing the separate substrate tables, the perfor-
mance of the apparatus in terms of substrate throughput
through the exposure stages 1s maintained, while permitting a
relatively time-consuming set of measurements to be per-
formed to characterize the walfer and patterns previously
deposited upon 1t. On the other hand, the provision of dual
stages, each with 1ts respective positioner PW, PW' sensors
ctc. adds significantly to the cost of the apparatus. Moreover,
since there 1s a definite time interval (for example 30-60
seconds) between performance of the measurements 1n steps
702, 704 and the ultimate exposure, using those measure-
ments 1n steps 714, 716, 718, a risk arises that the dimensions
of the substrate and its position, both globally and locally,
would change prior to exposure (grid drift), leading to a loss
of accuracy 1n alignment (overlay error). In particular,
although the temperature of the environment both within and
outside the apparatus 1s very carefully controlled, even slight
temperature variations arising over a time interval of 30 sec-
onds or so can be enough to cause distortion of the pattern as
laid on the wafer.

In an embodiment, the scanner stability module product
definition assumes that only overlay data (as measured by an
ispection apparatus of the types described above) are used
for controlling the scanner 1n terms of adjustments relevant
for on-product overlay. This means that the scanner stability
module 1s capable of monitoring/controlling the combined
cifect of both of the following: alignment error due to mea-
sure-side (MET side) grid drift; and exposure error due to the
relative drift of the exposure-side grid with respect to the
measure-side grid, but 1s unable to separate the two eflects
from each other.

It should be noted that for the same measure-side grid driit,
the alignment error can be different for exposures that use
different alignment strategies (1.¢., number of marks, mark
positions, and alignment model).

If all overlay-critical customer on-product exposures are
performed using similar alignment mark distributions and
alignment models, then the problem can be alleviated by
using comparable alignment strategies for the scanner stabil-
ity module monitor waters, as this results 1n the impact of
measure-side grid canceling out.

However, if customer uses different alignment strategies
for different products (e.g., high-order water align model for
some layers and linear model for other layers), then a single
scanner stability module control thread 1s not capable of fully
controlling the scanner, and multiple threads need to be
used—each with an alignment strategy that 1s similar to the
alignment strategy used by the customer for the correspond-
ing group of products.

However, using multiple scanner stability module threads
for each scanner has a negative impact on the availability of
both the scanner and inspection apparatus, while also com-
plicating fabrication automation. Furthermore, the need for
multiple threads to match each product negates a main advan-
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tage of the scanner stability module concept, which 1s to
separate control of the customer product/process from the
scanner control.

A way of addressing this 1ssue 1s to include control of
alignment related effects 1in the scanner stability module tunc-
tionality. This would allow the running of a single scanner
stability module thread per scanner regardless of the number
of different alignment strategies used for on-product expo-
Sures.

To achieve this, measure-side grid information can be gath-
ered using the scanner stability module monitor waters. In
particular, alignment information generated by the scanner
apparatus such as, for example, the coordinates of all mea-
sured alignment marks etched into the monitor waters and the
description of the alignment model used for exposing the
monitor wafers should be made available to the scanner sta-
bility module controller. This enables the scanner stability
module to determine measure-side scanner grid drift and to
calculate i1ts impact on on-product overlay even when a cus-
tomer uses an alignment strategy different from the one used
for exposing the monitor waters.

Four main embodiments are described for doing this. A
first embodiment uses the same alignment strategy for all
monitor wafers regardless of the alignment strategy used by
the customer. This uses a fixed simple alignment model,
hereinafter referred to as the monitor alignment strategy.

The scanner models the shape of the water (as the water
may be non-flat due to processing-induced warpage and/or
due to non-ideal clamping) by measuring the positions of
alignment marks printed on the wafer. Most customers typi-
cally measure approximately 20 alignment marks and {it a
6-parameter linear waler shape model (e.g., translation X,
translation y, symmetric rotation rs, asymmetric rotation ra,
symmetric magnification ms, asymmetric magnification ma).
Some customers use 4-parameter model (e.g., translation X,
translation y, symmetric rotation rs, symmetric magnification
ins ). Accuracy of fitting the actual shape of the water can be
improved by increasing the number of alignment marks mea-
sured (which effectively reduces measurement noise) and by
using higher-order models (which reduces the mismatch
between the actual water shape and the model fit). However,
the number of alignment marks that can be measured 1s lim-
ited by the time that the water can spend at the measure side
of the lithography apparatus 1n order not to decrease the
throughput (exposed wafers per hour).

Different customers use different alignment mark posi-
tions for their different products depending on the product-
specific layout restrictions. The scanner stability module
should measure enough alignment marks such as to be able to
predict the alignment results for as many customer products
as possible. In particular, it should attempt to measure align-
ment marks 1n the vicinity of all positions on the water where
the alignment marks on the customer products are placed.

The alignment data 1s measured for each wafer at the mea-
sure-side of the scanner apparatus immediately before being
exposed at the exposure-side. The scanner uses the alignment
data to compute the waler shape distortion 1n XY and to
compensate for 1t during exposure with the aim of improving
overlay. This 1s also true for the monitor waters. The main
steps of this procedure are as follows: the alignment marks are
measured; waler deformation 1s computed (per waler) by
fitting the fixed, simple alignment model (the monitor align-
ment strategy) through the raw alignment data measured in
the previous step; exposure routing 1s adjusted using the mod-
cled data, so as to partially compensate the water deformation
in XY; and, the water 1s exposed.
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Then, using the ispection apparatus/scatterometer (oi-
fline), overlay on the monitor waiters 1s measured. Based on
this overlay data, scanner baseline constants (SBC—the
parameters defining the baseline for the scanner stability
module) are calculated for the alignment strategy used for
exposing the monitor wafers, (1.e., the monitor alignment
strategy ). Based on the alignment data measured by scanner
from the monitor waiers (and the known alignment strategy)
it 1s possible to compute the impact on overlay caused by the
difference between the monitor alignment strategy and the
alignment strategy used for the different customer product
models. If the customer products use the same alignment
strategy, then the scanner-induced overlay error as measured
on the monitor wafers 1s representative for the customer prod-
uct as well.

However, 11 the customer product uses a different align-
ment strategy, the following steps should be performed: com-
pute the effect of the monitor alignment strategy on overlay
(using the alignment data that was measured by the scanner
before exposing the monitor walers); compute (using the
same alignment data measured by the scanner before expos-
ing the monitor waters) the correction that the customer prod-
uct alignment strategy would have performed 11 1t had been
used for exposing the monitor waters; and, compute the dif-
ference between the two alignment strategies, and make this
computed difference available to the scanner (when exposing
cach group of products that use the same alignment strategy).
Alternatively, the computed difference can then be made
available to the customer, or used to automatically adjust the
scanner stability module SBC parameters before exposing the
product lots.

This difference between the alignment strategies can be
computed by the controller for a pre-defined set of alignment
strategies and made available to the scanner (e.g., 1n the form
of an array of corrections). This allows the scanner to apply
the appropriate array when exposing the customer product (in
which selection should be made by comparing the alignment
strategy used for the product with the alignment strategies for
which the correction 1s computed).

In a second embodiment the monitor walers are exposed as
two jobs, each job using 1ts own alignment strategy includes
the following: a simple alignment strategy 1s used for the first
10b (e.g., as described 1n first embodiment above, making sure
that measure-exposure timings for these scanner stability
module wafers 1s similar to the product waters). The aim of
this job 1s to provide overlay information via the scatterom-
cter; and a full alignment 1s used for the second job (using an
extensive number of alignment marks as required to accu-
rately map the measure-side grid of the scanner, regardless of
whether that requires deviation from the product settings in
terms of the measure-exposure timings). The aim of this job 1s
to gather information about the measure-side grid drift.

Using the inspection apparatus/scatterometer (oitline),
overlay on the monitor waters from the first job 1s measured.
Based on this overlay data, scanner baseline constants (SBC)
are calculated for the alignment strategy used when exposing
the first job of monitor wafers.

Based on the alignment data measured by the scanner from
the second job of monitor wafers, the scanner stability mod-
ule controller 1s then able to compute the difference between
cach of the customer alignment models and the alignment
model used for the first job of the monitor waters (1n a similar
way as 1n the first embodiment), and then either make the
computed difference available to the customer, or automati-
cally adjust the scanner stability module SBC parameters
betore exposing the product lots, depending on the alignment
strategy used for the customer product lots.
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In this case, monitor wafers from the second job can be
used for gathering additional scanner-specific information for
the parameters that are mnsensitive to the induced measure-
exposure difference i timings (e.g., related to intra-field
fingerprint or focus).

In the first embodiment, timing 1s the limiting factor, so
only a limited number of marks can be measured. Conse-
quently, there may be customer products that align on marks
that are too far from the alignment marks measured on moni-
tor walers. This could be a significant source of error when
computing the effect of the customer product alignment strat-
egy using “non-native” monitor alignment data. By “non-
native” alignment data it 1s meant that, instead of using actual
alignment measurements at the customer alignment mark
positions, alignment data measured at monitor alignment
mark positions 1s used. This 1s because monitor alignment
data (1.e., the measurement of positions of the alignment
marks corresponding to the monitor alignment strategy) 1s
used for computing the effect of a customer alignment strat-
egy which uses different alignment mark positions (with
respect to the positions of the monitoring alignment marks).
This leads to accuracy loss.

By comparison, i the second embodiment, a very dense
sampling of alignment marks can be achieved as watfer timing
1s no longer important. Therefore, this 1ssue 1s alleviated since
a monitor alignment mark can always be found that 1s in the
near vicinity of any customer alignment mark position, and 1s
therefore representative of 1t. If the customer alignment mark
position (not necessarily measured on the monitor waters)
and the measured monitor alignment mark position are close
to each other, then use of the monitor alignment data (mea-
sured on the monitor mark positions) for the customer align-
ment mark positions leads to a small interpolation error. Dii-
ferent approaches can be followed here: either the closest
neighbor data can be used; or, averaging of multiple measured
alignment positions around the customer mark position can
be used.

The third embodiment 1s similar to the first, but instead of
computing the difference between the alignment models 1n
the scanner stability module controller, the scanner computes
the impact of the measure-side grid driit on the customer lots
using the raw alignment data gathered during exposure of the
monitor waters. Similarly, the fourth embodiment 1s similar
to the second, but using the scanner to compute the impact of
the measure-side grid driit on the customer lots using the raw
alignment data gathered during exposure of the second job of
monitor waters.

By performing these methods, for each group of customer
products that use an alignment strategy different to the moni-
tor alignment strategy, it 1s possible to virtually model the
situation as 11 1t was the customer product alignment strategy
that had been used for exposing the monitor waters.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, flat-panel
displays, liquid-crystal displays (LCDs), thin film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“waler” or “die” herein may be considered synonymous with
the more general terms “substrate” or “target portion,”
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, in for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool, and/or an inspection
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tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once such as, for
example, 1 order to create a multi-layer IC so that the term
substrate used herein may also refer to a substrate that already
contains multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention 1n the context of
optical lithography, 1t will be appreciated that the invention
may be used in other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a
layer of resist supplied to the substrate whereupon the resist 1s
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n it after the resist 1s cured.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g., having a wavelength of or about 363,
355, 248, 193, 157, or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g., having a wavelength 1n the range of
5-20 nm), as well as particle beams such as, for example, 1on
beams or electron beams.

The term “lens,” where the context allows, may refer to any
one or combination of various types of optical components,
including refractive, reflective, magnetic, electromagnetic,
and electrostatic optical components.

While specific embodiments of the mvention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example,
embodiments of the present invention may take the form of a
computer program containing one or more sequences of
machine-readable 1nstructions describing a method as dis-
closed above, or a data storage medium (e.g., semiconductor
memory, magnetic or optical disk) having such a computer
program stored therein.

The descriptions above are intended to be illustrative, not
limiting. Thus, 1t will be apparent to one skilled 1n the art that
modifications may be made to embodiments of the present
invention as described without departing from the scope of
the claims set out below.

It 1s to be appreciated that the Detailed Description section,
and not the Summary and Abstract sections, 1s intended to be
used to iterpret the claims. The Summary and Abstract sec-
tions may set forth one or more but not all exemplary embodi-
ments of the present invention as contemplated by the mnven-
tor(s), and thus, are not intended to limait the present invention
and the appended claims in any way.

Embodiments of the present invention has been described
above with the aid of functional building blocks illustrating
the implementation of specified functions and relationships
thereof. The boundaries of these functional building blocks
have been arbitrarily defined herein for the convenience of the
description. Alternate boundaries can be defined so long as
the specified functions and relationships thereol are appro-
priately performed.

The foregoing description of the specific embodiments will
so Tully reveal the general nature of the mnvention that others
can, by applying knowledge within the skill of the art, readily
modily and/or adapt for various applications such specific
embodiments, without undue experimentation, without
departing from the general concept of embodiments of the
present invention. Therefore, such adaptations and modifica-
tions are mntended to be within the meaning and range of
equivalents of the disclosed embodiments, based on the
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teaching and guidance presented herein. It1s to be understood
that the phraseology or terminology herein 1s for the purpose
of description and not of limitation, such that the terminology
or phraseology of the present specification 1s to be interpreted
by the skilled artisan in light of the teachings and guidance.

The breadth and scope of embodiments of the present
invention should not be limited by any of the above-described
exemplary embodiments, but should be defined only 1n accor-
dance with the following claims and their equivalents.

What is claimed 1s:

1. A lithographic apparatus comprising:

an 1llumination system configured to condition a radiation
beam;

a support configured to support a patterning device, the
patterning device being capable of imparting the radia-
tion beam with a pattern 1n 1ts cross-section to form a
patterned radiation beam:;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
radiation beam onto a target portion of the substrate,

an alignment apparatus configured to align the substrate
according to an alignment strategy, prior to the projec-
tion of the patterned radiation beam onto a target portion
of the substrate; and

a scanning control module configured to control at least
one of the support, substrate table, and projection system
by periodically retrieving measurements that define
baseline control parameters from one or more monitor
walers to determine a parameter drift from the baseline
control, the one or more walfers having been nitially
exposed using a first alignment strategy;

wherein the apparatus 1s configured to, when exposing a
production substrate using a second alignment strategy
different from the first alignment strategy, adjust a cor-
rection made for the parameter drift, thereby being sub-
stantially closer to the correction that would have been
made had the second alignment strategy been used in
exposure of the one or more monitor waters;

wherein the scanning control module 1s further configured
to determine a difference between efiects of the second
and first alignment strategies during exposure of a sub-
strate and to use the difference to adjust the correction.

2. The apparatus of claim 1, wherein the scanning control
module 1s configured to determine the difference between the
elfects of the second and first alignment strategies from:

a determination of the effect of the first alignment strategy
on overlay measurements read from at least one monitor
waler and the alignment data measured by the litho-
graphic apparatus when in the process of exposing the at
least one monitor water; and

a determination, based on the second alignment strategy
and the alignment data measured by the lithographic
apparatus, of the correction that the second alignment
strategy would perform if 1t had been used 1n exposing,
the at least one monitor wafer.

3. The apparatus of claim 2, wherein the scanning control
module 1s configured to determine the difference between the
cifects of the use of the second and first alignment strategies.

4. The apparatus of claim 3, wherein the scanning control
module 1s configured to propagate the determined difference
between the eflects of the use of the second and first align-
ment strategies to at least one of the illumination system, the
substrate table, the projection system, and the alignment
apparatus.

5. The apparatus of claim 3, wherein the scanning control
module 1s configured to propagate difierences between the
elfects of the use of a number of predetermined alignment
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strategies and the first alignment strategy to at least one of the
illumination system, the substrate table, the projection sys-
tem, and the alignment apparatus.

6. The apparatus of claim 3, wherein the scanning control
module 1s configured to adjust the baseline control param-
cters based on the determined difference between the effects
of the second and first alignment strategies.

7. The apparatus of claim 2, further comprising a controller
module 1n the lithographic apparatus, wherein the controller
module i1s configured to determine the difference between the
elfects of the second and first alignment strategies.

8. The apparatus of claim 1, wherein the lithographic appa-
ratus 1s configured to expose a plurality of monitor waters
using the same alignment strategy.

9. The apparatus of claim 8, wherein the plurality of moni-
tor waters each include one or more alignment marks, the
alignment marks 1n alignment with alignment, marks on pro-
duction substrates.

10. The apparatus of claim 9, wherein the lithographic
apparatus 1s configured to apply exposure durations for each
of the plurality of monitor waters that are substantially similar
to exposure durations for the production substrates.

11. The apparatus of claim 1, wherein the lithographic
apparatus 1s configured to use a plurality of monitor wafers in
two sets and to expose the first set of monitor waters using the
first alignment strategy, and to expose the second set of moni-
tor walers using a plurality of alignment marks so as to
accurately map a reference grid for the alignment apparatus.

12. The apparatus of claim 11, wherein the scanning con-
trol module 1s configured to obtain overlay information from
the first set of monitor walers and to obtain information
relating to parameter driit of the alignment apparatus from the
second set of monitor wafers.

13. The apparatus of claim 12, wherein the lithographic
apparatus 1s configured to apply exposure durations for each
of the first set of monitor wafers that are substantially similar
to exposure durations for one or more production substrates,
while exposure durations for each of the second set of monitor
walers are not based on the exposure durations for the one or
more production substrates.

14. A method comprising;:

exposing at least one monitor waler so as to determine

baseline control parameters pertaining to a scanning
function, the exposure being performed using a {first
alignment strategy;

periodically retrieving the baseline control parameters

from the at least one monitor water;

determining parameter drift from the baseline control

parameters and making a correction based on the deter-
mination;

exposing a production substrate using a second alignment

strategy, wherein the second alignment strategy 1s dii-
ferent from the first alignment strategy; and

modifying the correction so as to be substantially closer to

an anticipated correction that would have been made had
the second alignment strategy been used 1n exposing the
at least one monitor wafer;

wherein the modifying the correction comprises determin-

ing a difference between effects of the second and first
alignment strategies during exposure of a substrate and
applying the difference to adjust the correction.

15. The method of claim 14, wherein the determining the
difference between the effects comprises:

determining the effect of the first alignment strategy on

overlay measurements read from the at least one monitor
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waler and the alignment data measured by the litho-
graphic apparatus when exposing the at least one moni-
tor water; and

determining, based on the second alignment strategy and
the alignment data measured by the lithographic appa-
ratus, the correction that the second alignment strategy

would perform 11 1t had been used 1n exposing the at least
monitor wafer.

16. The method of claim 15, wherein the determining the

difference between the effects comprises using a scanning
control module to determine the difference between the
clfects of the first and second alignment strategies.

17. The method of claim 16, wherein the determining the
difference between the effects comprises propagating the

determined difference between the effects of the use of the
second and first alignment strategies to at least one of the
illumination system, the substrate table, the projection sys-
tem, and the alignment apparatus.

18. The method of claim 16, wherein the determining the
difference between the elffects comprises propagating differ-
ences between the effects of the use of a number of predeter-
mined alignment strategies and the first alignment strategy to
at least one of the illumination system, the substrate table, the
projection system, and the alignment apparatus.

19. The method of claim 16, wherein the determining the
difference between the effects comprises adjusting the base-
line control parameters based on the determined difference
between the effects of the second and first alignment strate-
g1es.

20. The method of claim 15, further comprising determin-
ing the difference between the effects of the second and first
alignment strategies using a controller module 1n the litho-
graphic apparatus.
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21. The method of claim 14, wherein the exposing at least
one monitor water comprises exposing a plurality of monitor
walers, wherein each of the monmitor waters 1s exposed using
the same alignment strategy.

22. The method of claim 21, wherein exposing the plurality
ol monitor waters comprises exposing the one or more moni-
tor walers with one or more respective alignment marks, the
alignment marks 1n alignment with alignment marks on pro-
duction substrates.

23. The method of claim 22, wherein exposing the plurality
of monitor waters comprises exposing the one or more moni-
tor waters with exposure durations substantially similar to
exposure durations of each of production substrates.

24. The method of claim 14, wherein the exposing at least
one monitor wafer comprises:

using a plurality of monitor watfers in two sets;

exposing the first set of monitor walers using the first

alignment strategy; and

exposing the second set of monitor walers using a plurality

of alignment marks so as to accurately map a reference
orid for an alignment apparatus.

25. The method of claim 24, wherein exposing the first set
of monitor waiers comprises obtaining overlay information,
and exposing the second set of monitor walers comprises
obtaining information pertaining to parameter drift of the
alignment apparatus.

26. The method of claim 25, wherein the exposing at least
one monitor waler comprises using exposure durations for
cach of the first set of monitor wafers that are substantially
similar to exposure durations for one or more production
substrates, while the exposure durations of the second set of
monitor wailers are not based on the exposure duration for the
one or more production substrates.
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